Natural diets with metabolizable energy levels of 8·5, 10'0, 11·5 or 13,0 MJ/kg and protein:energy ratios of 1:1, 1'33:1, 1,67:1 or 2:1 %:MJ/kg were fed ad libitum for 28 days to male and female weanling rats. Records of food intake and body weight were maintained weekly, and at post mortem examination body length, abdominal fat, liver and kidney weights were measured. Food intake was reduced when dietary energy level increased but this reduction was not sufficient to prevent energy intake increasing, especially in males. Female rats showed only small increases in energy intakes as dietary energy levels rose. The increase in energy intake at higher dietary energy levels increased food conversion efficiency, weight gain and abdominal fat deposition. The responses of male rats were greater than females. Protein intake had a smaller and less consistent effect than energy intake. Increased protein:energy ratio resulted in higher absolute and relative liver and kidney weights and greater body length. This reflected the increase of bodyweight gain at higher protein:energy ratios.
This study is the second in a series designed to investigate the effects of variations in dietary energy and protein, with the aim of understanding their influence on toxicity studies in rats. These effects were studied using diets carefully formulated so that the major nutrients were balanced in proportion to energy and protein levels. In previous work purified diets containing various dietary energy and protein levels were investigated (Edwards, Porter & Dean, 1985) . Increased dietary energy level was found to decrease food intake but increase energy intake. This resulted in higher weight gain and food conversion efficiency (FCE), and was associated with increased body length, abdominal fat and liver and kidney weights. Protein intake had smaller and less consistent effects than energy intake. Male rats were more responsive to dietary changes than females.
Most routine toxicology employs diets based on natural ingredients but the effects of nutritional changes in such diets are not well documented. The formulation of natural diets to produce a range of energy and protein levels is far more complex than with purified diets, and there is likely to be more variation in nutrient digestibility amongst the various ingredients. Therefore, a study was undertaken with diets based on natural ingredients comparing the same range of energy and protein levels used in our earlier work with purified diets.
Methods Animals 280 male and the same number of female SPF Sprague Dawley weanling rats (weight 44-65 g) were obtained from Charles River Breeding Laboratories, Manston, Kent, UK. 15 rats of each sex were taken at random for a quality control post-mortem examination. The remaining animals were housed in groups of 10 and fed ad libitum for 7 days on a pre-experimental diet with an energy level of 11·5 MJ/kg and a protein content of 19,2%. This diet was in the form of reground pellets and consisted mainly of barley, wheat, white fishmeal, skim milk powder and soyabean meal. Tap water was freely available. Experimental diets were introduced immediately after the pre-experimental period.
Experimental design and diets
The treatments consisted of 16 diets which were combinations of 4 energy levels and 4 protein:energy ratios as summarized in 8·5  8·5  11·3  14·2  [7·0  10·0  10·0  13·3  16·7  20·0  11·5  U·S  15·3  19·2  23·0  13·0  13·0  17·3  21·7  26·0 Effects of energy and protein on rats II were arranged in 2 rooms so that there was an equal number of cages per treatment per room. There were 2 blocks of cages in each room, and a treatment was represented in a block by 1 cage of males and I cage of females. Rats were allocated to treatments so that the initial mean bodyweight in any treatment did not differ from any other by more than 5 g.
Detailed 
Experimental procedures
For 28 days the experimental diets were supplied ad libitum from glass jars with non-spill lids and tap water was available throughout from drinking bottles. Bodyweights and food intakes were measured weekly while water intake and the clinical condition of each rat were recorded daily. The environmental control gave a temperature of 21 ± 2°C, a relative himidity of 50% and a photoperiod of 12 h. At the end of the study half of the rats were killed with 337 halothane for post mortem examination.
Bodyweight, liver and kidney weights and body length were recorded, the latter being measured from tip of nose to base of tail. Abdominal fat deposits were assessed visually on the fat pad lying along the psoas major muscle using a 5-point scale (0 = least fat, 4 = most fat). Caecum size and gas content were also assessed. The kidneys, liver, gastrointestinal tract, thoracic contents, thyroid and urinogenital tract were placed in buffered formalin. The kidneys, lungs, stomach, gonads and cervical lymph nodes were examined for gross pathological features.
Statistical analysis
An analysis of variance was performed on weight gain, food intake, water intake, food conversion efficiency (FCE) and post mortem data. Regression analysis was carried out where appropriate.
Results

Diets and food intake
Quality control analysis of the diets showed that they were manufactured satisfactorily and were in line with expected values.
Food intake decreases significantly (P < 0.0(1) in both males and females as dietary energy level increased ( Fig. ] ) but there was no significaht effect of protein:energy ratio on food intake. In males, energy intake increased as the energy level of the diet increased but in females the increase was small (Fig. 2 ).
Body weighI
Higher energy intake resulted in increased weight gain, with the greater response occurring in males ( Fig. 3) . Although there was no clear correlation between protein intake and weight gain, higher protein:energy ratios produced significant (P < 0·001) increases in males and females.
Food conversion efficiency
Food conversion efficiencies of both males and females increased significantly (P < 0·01) with energy level and protein:energy ratio. Fig. 4 shows a clear effect of energy intake on FCE, with a more marked response in the males. There was a significant overall regression of protein intake on FCE in males and females but Fig. 5 shows that separate patterns of response were apparent at each energy level.
Water intake
Water intake was found to increase linearly with food intake in male and female rats (Fig. 6 ).
Body length
Dietary energy level had no significant effect on Abdominal fal Table 4 shows that abdominal fat score increased as the energy level of the diet increased, this being significant in males (P < 0·001) but not in females.
Liver and kidney weighls
Absolute and relative liver and kidney weights were significantly increased as the protein:energy ratio of the diet increased in males and females (P < 0·01 for Mean 1,33: I 1-67:
Protein:energy ratio (%:MJlkg) Energy level (MJlkg) 1:/ (Table 3) . Although statistically there were small significant increases in body length with protein:energy ratio in male (P < 0·05) and female (P < 0·01) rats, the differences were small and not consistent. (Tables 5-8 ). Absolute and relative organ weights tended to increase with higher dietary energy level, but this was not statistically significant. The effects of energy and protein on absolute and relative organ weights were more marked in males than in females.
Gross pathology findings
Although caecum size and caecum gas content of rats on different diets showed some large variations, there was no measurable relationship with the fibre content of the diet. While this observation is of interest it must be remembered that the study was not designed to examine effects of fibre per se.
Discussion
The results of this study confirmed that dietary energy level was the main factor in the regulation of food and energy intakes. This confirms our previous findings with purified diets and the observations of other authors in a variety of feeding situations, e.g. Adolf (1947) , Peterson & Baumgardt (1971) and Lopez & Garcia (1983) . In the present study, as dietary energy level increased female rats reduced their food intake sufficiently to produce only a small rise in energy intake with dietary energy level. Males were unable to reduce their food intake to this extent but this regulation of energy intake was better than that found in our previous study with 8·5  2·21  2·53  2·74  2·67  2·54  8·5  0·82  0·94  0·94  0·89  0·90  10·0  2·61  2·76  3·07  3·25  2-92  10·0  0·87  0·90  0·96  1·02  0·94  11·5  2·73  3·06  3·07  3·25  3·03  11·5  0·86  0·89  0·94  1·07  0·94  13·0  2·41  3·05  3·28  2·97  2·93  13·0  0·82  0,96  0·98  0·95  0·93  Mean  2·49  2·85  3·04  3·04  Mean  0·84  0,92  0·95  0·98   FEMALES  FEMALES  8·5  1·82  1·96  2·13  2-40  2·08  8·5  0·93  1·04  1·05  1·15  1-04  10·0  1·89  1·90  2·10  2·17  2·02  10,0  1·00  0·99  1·01  1·07  1·02  11·5  1·84  1·87  2·00  1·94  1·91  11·5  0·93  0·96  1·05  1·00  0·99  13·0  1·89  1·80  2·08  2·27  2·01  13·0  0·98  0·98  1·04  1·15  1·04  Mean  1·86  1·88  2·08  2·20  Mean  0·96  0·99  1·04  1·10 purified diets. The fact that the diets had been pelleted may have enhanced food intake, especially in the lower energy diets . These results are similar to those of Lopez & Garcia (1983 and 1984) who reported that digestible energy intakes increased as the digestible energy content of the diet increased. Thus, in diets made from natural ingredients energy content is the main determinant of food intake, but the rat tends to overconsume energy as the metabolizable energy content of the diet increases, the effect being particularly marked in males.
Weight gains and FeEs were affected more by energy intake than by protein intake. The effect of protein seemed to be more complex than that of energy. There was a separate response to protein intake at each energy level, but there was no common protein:energy ratio at which growth or food conversion was optimal. Abdominal fat was increased at the higher energy levels, especially in the males and this reflects the inability of rats to eat to a constant energy level.
Ford & Ward (1983) also reported fat deposits to be related to dietary energy level and intake.
The organ weight increases seen in this study were probably induced by the changes in growth rates caused by the various diets (Feron, de Groot, Spanjers & Til, 1973) . In our previous study with purified diets energy appeared to have a greater influence on liver and kidney weights, whereas changes in this study appear more related to protein:energy ratio. It may be concluded that metabolizable energy and protein levels in the diet of growing rats will directly influence food intake, growth, fat deposits and organ weights. Therefore, the effects of energy and protein should be further examined in a controlled way with the view to assessing their influences on parameters measured in medium and long term toxicology. There is a need to determine the influence of carefully formulated diets of known nutritional composition on blood chemistry, haematology, urine analysis and a wide range of organ weights. In addition, the long-term influence of such diets on mature body size, obesity, longevity and tumour incidence should be studied. 
